
ISSN 2074-272X. . 2013. 6 49

© . , . , . , . , . , . , . 

 621.3

. , . , . , . , . , . , . 

 Matlab-
8 MW: ,  – -

. .

 Matlab- -
 8 MW: ,  – -

. -
.

, 
, 

 ( ), 
, -

, -
, -

,
, 

-
. -

. 1.

. 1. 

-
:

- 
 ( ).

- 
.

 ( ) 
 (Cycloconverter) 

 (Matrix Converter).
-
-

. -

: -
,  ( -

) -
, -

-
 ( . 2).

. 2. 

-
-

)  ( ).
-
-

 [1-5]. 
, -

, 
, -

 – -
 ( )

-
 ( ).

-
-
.

, -

. ,
, 

.

-

, 
Matlab- .

-
-

 –  ( , -
 – ), 

. -
-

. 



50 ISSN 2074-272X. . 2013. 6

-
, .

. :
1. -

 ( -
) -

;
2.  ( ) 

;
3. , 

, -
, .

-

, -
, , ,

.
-

, 
. 

, .
-

,  24-
, 

,   250  MVA  
 10

kV,  ( ),
 8 MW -

 10 kV.
-

. 3.

. 3. 

, 
 2 W, -

, , 

),  ( )
-

 ( . 4).

 690  V,  
 – 2500 . -

.
, -

, -
,
-

.
 24-

 15 . . 

, -
. 

, 
, -

, 
 +7.5  –7.5 . . .

-
,   –  .

, 
 +7.5 . ., 

 –30  .  .,  
 –7.5  .  .,  -

 +30  .  .  -
. 

-

 –22.5, +7.5, +22.5  –
7.5  .  .   ( .  .  3).  ,

 15 . .,
 24-

. , 
, -

.

-

,  – -
, -

.
-

,  
-

, -
,  ,   (

 +7,5 . ., 
 –7,5 . .), , 
 –  

.  ,  
 –22,5, +7,5, +22,5

 –7,5 . 
-

 3-
,  24-

.
. 1 -

,  
 Matlab- .

. 1, 
 MatLab/Simulink 

-
 8 MW 

10 kV,  .  5.  -
:

1.  (1-24).
2.  (25-30).
3. 

(31-38).
4.  (39, 40).



ISSN 2074-272X. . 2013. 6 51

. 4. 

1

2

3
4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21 22

23

24

25 2627

28

29

30

31

32

33

34

35

36 37

38

39

40

w_ref

Discrete,
Ts = 2e-006 s.

pow ergui

A+

B+
C+
A-

B-
C-

a3

b3

c3

Z-7.5/Y

A+
B+

C+
A-
B-

C-

a3

b3

c3

Z-7.5/D+30

A+
B+
C+

A-
B-
C-

a3

b3

c3

Z+7.5/Y

A+
B+

C+
A-
B-

C-

a3

b3

c3

Z+7.5/D-30

A+
B+
C+

A-
B-
C-

a3

b3

c3

Y/Z-7.5

A+
B+
C+

A-
B-
C-

a3

b3

c3

Y/Z+7.5

g

A

B

C

+

-

VS Bridge4

g

A

B

C

+

-

VS Bridge3

g

A

B

C

+

-

VS Bridge2

g

A

B

C

+

-

VS Bridge1

A

B

C

a

b

c

A

B

C

a

b

c

A B C

A B C

Pulsees

SIFU_7.5

Pulsees

SIFU_22.5

Pulsees

SIFU_-7.5

Pulsees

SIFU_-22.5

A

B

C

Power

Isa

Usa

In

Un

KPD

Is_THD

Us_THD

In_THD

Un_THD

Measurement System

m wm

-K-

IdH

Id_pu

w_pu

-K-

u^2

A+

B+
C+
A-

B-
C-

a3

b3

c3

D-30/Z+7.5

A+
B+

C+
A-
B-

C-

a3

b3

c3

D+30/Z+22.5

i +-

i +-

i +-

i +-

Speed_ref

Control System

+

-

A

B

C

AIT7.5

+

-

A

B

C

AIT22.5

+

-

A

B

C

AIT-7.5

+

-

A

B

C

AIT-22.5

A
B
C

A
B
C
AD_Cable

m
A

B

C

Tm

8000/10-pu

. 5. Matlab-

 (1-24) -
. 1 .

 ( . 5)  ( .
3) -

, -
 SimPiwerSys -

-
.  

.

. 6. Matlab-

 ( )
, 

,
. -

-
, 

. 6.

, 
w_ref , 

 Sum1, 
-

. -

PI_S_Regulator, , -
. -

, -
 (

 0.5%), -

.



52 ISSN 2074-272X. . 2013. 6

 1

Us 10000 V

f0 50 Hz
L0 1.27 mH

-2500/10 2
S 2.6 VA

f 50 Hz

U1 10000 V

U n 660 V

P 15.5kVA

eK 8  3 %

k 4
:

Uf 1.2 V
R 1 24.6
C 1 0.1 F

Ron 1 0.116 m

:
Uf 1.25 V

RSD 12.3 

CSD 0.31 F

RonD 0.136 m

:
Uf 1 V
RSD 24.6
CSD 0.1 F

RonD 0.08 m

1.372 mF

LK 7 H

- Ld 1.5 mH

Rd 1.5 m

lline 150 m

Rline 0.0526 

Lline 75 H

8 MVA

U1 10000 V

r1 0.045 

L1 3 mH

r/
2 0.0483

L/
2 4.47 mH

Lm 0.153 H
0.4 s

1

F_Regulator
-

. , -
, 

, -
. : ,

, 
, . 

, 
.

,  -

Fcn, -
IS

Sa. 
, 

aS SI 2 . -

 ( ), 

. -

KTS
U
U

k
1

2

min.

max.

,                      (1)

U max – , -
; U min – , -

, -
; S  – -

.
-

 Sum2, 
, -

.  -
-

PI_I_Regulator, -
e -
.

-
, 

 [9]. , . 7 -
-

 13- -
 8 W.

 18 -
,  6 

, 

 10 kV. 

12 kLph ,                                 (2)
k – .

, -

D1-D6, -
-

1- 4, . 8.

 ( . . 7), -
 " ", -

-
.



ISSN 2074-272X. . 2013. 6 53

. 7. 

. 8. 

, 
-

. 
 " ". -

-
.

, -
-

 [10].
. 2. -

, -
 Matlab- .

Matlab-
=  8  

U =  10  
 13- -

 ( . 9) -
:

1.  (1-23).
2.  (24, 25).
3.  (32, 33, 40).
4.  ( -

) (41-46).

 2

Us 10000 V

f0 50 Hz
L0 1.27 mH

NW1 1

NW2 18

S 8 MVA
f 50 Hz

U1 10000 V

U n 962 V

R1* 0.004

Rn* 0.004

Ln* 0.08

k 6

Lph 13

SKKD 701/16

RSD 100
CSD 0.5 F

RonD 0.28 m

Uf 1 V
SKM

800GA176D
RSM 200
CSM 0.5 F
RonM 1.7

UfT, UfD 2 V

Tf, Tt
0.23 s,
1.03 s

Eon 335 mJ

Eoff 245 mJ

rr 155 mJ

19.5 mF
fPWM 5000 Hz

lline 150 m

Rline 0.018 

8 MVA

U1 10000 V

r1 0.045 

L1 3 mH

r/
2 0.0483

L/
2 4.47 mH

Lm 0.153 H

0.4 s
1



ISSN 2074-272X. . 2013. 6 54

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

23

21

24 25

32
33

40
41

42

43

44

46

46

22

Discrete,
Ts = 2e-005 s.

pow ergui

A

B

C

a1
b1
c1
a2
b2
c2
a3
b3
c3

a4
b4
c4
a5
b5
c5
a6
b6
c6
a7

b7
c7
a8
b8
c8
a9
b9
c9

a10
b10
c10

a11
b11
c11
a12
b12
c12
a13
b13
c13
a14

b14
c14
a15
b15
c15
a16
b16
c16
a17
b17

c17
a18
b18
c18

Y-Z (13th-level)

A

B

C

Three-Phase Source

Vabc
Iabc

A

B

C

a
b
c

Three-Phase
V-I Measurement

Speed_ref

A

B

C

A

B

C

Rline

m

Usa_Isa

Usb_Isb

Usc_Isc

Ua_Ia

Ub_Ib

Uc_Is

Iabc*

Speed

Te

Is_THD

Us_THD

I_THD

U_THD

KPD

Ua2_Ia2

Ub2_Ib2

Uc2_Ic2

Uc

Measurement System

m
A

B

C

Tm

IM 8 MVA, 10 kV, 50 Hz

Iabc
Uabc

Isabc
Usabc

Tm

Speed_ref

Control System

A B C

A B C

C f

A
B
C

+

-

C6

A
B
C

+

-

C5

A
B
C

+

-

C4

A
B
C

+

-

C3

A
B
C

+

-

C2

A
B
C

+

-

C1

A
B

C

+

-

B6

A

B
C

+

-

B5

A
B
C

+

-

B4

A
B
C

+

-

B3

A
B
C

+

-

B2

A
B
C

+

-

B1
Uabc

Iabc
A

B

C

a
b
c

A
B
C

+

-

A6

A
B
C

+

-

A5

A
B
C

+

-

A4

A

B
C

+

-

A3

A
B
C

+

-

A2

A
B
C

+

-

A1

. 9. Matlab-

1
Uabc*

dq0

sin_cos
abc

dq0_to_abc
Transformation

abc

sin_cos
dq0

abc_to_dq0
Transformation

Inp Out

ZI

Phir
wm
Iq

Teta

Teta
Calculation

Sum4

PI

Speed_Reg

0.766

Phir*

Mux

Mux

PI

Iq_Reg

Phir

Te*
Iq*

Iq*
calculation

PI

Id_Reg
Phir* Id*

Id*
Calculation

Iabc1

Speed

IdPhir

Flux
Calculation

sin(u)

cos(u)

1st-Order
Fil ter1

1st-Order
Fi lter

1
speed*

. 10. Matlab-



ISSN 2074-272X. . 2013. 6 55

 (1-23) 
. 2 . -

 (  2)
 Multi-

Winding Transformer  SimPowerSystems 
,  [10].

 ( . 10) 
, -

, -
. -

: 
, 

.
-

 (  Speed_Reg), 
 (  Sum) 

 speed* 
 Speed. 

*.
 Sum4 -

 Phir* 
 Phir, -

 Flux Calculation 
HIL dr * ,                           (3)

srT
H

.1
1  –                              (4)

– ; Id – 
d; Lm* – 

.

/
*20

/
*2*

r
LLT ,                              (5)

L/
2*, r/

2* – 

S = 1; 0 –  (314 rad/s).
Id, Iq

 abc_to_dq0 Transformation, 

 Teta Calculation -
-

.

3
2sin

3
2sinsin

3
2

,

3
2cos

3
2coscos

3
2

c

ba

d

c

ba

q

i

ii
I

i

ii
I

,          (6)

-
 Teta Calculation

dtmr ,                            (7)

r

q
r T

IL *  –                               (8)

– ; m – -

.
Id*, Iq* -

 Id* Calculftion  Iq* Calculation

.,
**

/
*2*

*
*

*
e

r
q

r
d TL

LLI
L

I       (9)

Idreg, Iqreg -
 Id_reg  Iq_reg, 

, -

 Sum1  Sum2.
-

 dq0_to_ abc Transformation, 
 dq0 -

 abc

.

,
cos3sin

cossin3
5.0

,cossin

bregaregcreg

dreg

qreg
breg

qregdregareg

uuu

I

I
u

IIu

         (10)

,  Matlab-
-

, -
-

. . 11, . 12, -

, 
 50   25  .  .

11, . 12, -
.

-
-
-

L-C
 ( . . 9). , -

-
, -

.
 SimPowerSystems 

. 
-
-
-

, -
. , -

-
.  3  

. 
-

 [11].
, -

. 3, -
-

. , -
-

 1.8% , 
-



56 ISSN 2074-272X. . 2013. 6

. , . 3,
, , 

-
 10%.

 3

 15  50 Hz: 1 – ,
2 –  5000 Hz

. 11, , -

 6.5
. ., 

-
-

.
Matlab- -

. 

. -
.

. 4 

, -
-

, . 
. 4, 

, -

. -
, 

.

1.  Matlab- -
 8 MVA: -

; 
 13-

, 

.
2. 

 (THD) 

. 11.  50 Hz

THD, %
, %

f, Hz
IS US IAM UAM

1 2 1 2 1 2 1 2 1 2

50 1.85 0.54 1.96 0.35 3.48 0.98 5.65 8.94 96.7 96.6
45 5.08 0.9 4.07 0.28 4.50 2.55 5.74 12.3 96.4 96.4
40 5.29 0.89 4.40 0.22 4.37 2.63 6.28 12.7 96.1 96.0
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Comparison of converter systems for a high-voltage
variable-frequency ac drive.
Matlab-models of two converter systems of an 8 MW AC drive
are developed, one based on a self-contained current inverter
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voltage inverter. By applying virtual simulation, qualitative
characteristics of these systems are compared.
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